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This invention relates to a security thread for 
protecting documents, banknotes, or identification cards 
against forgery. 

In banknotes, it is common to find security threads 
in the form of thin strips imbedded in paper, such strips 
of a magnetic material provided with magnetic coding. The 
strip may be provided with a metallised layer either side 
of the magnetic material, the metallisation also used to 
print fine characters as a further security feature. As 
mechanical support and protection, the magnetic material 
and metallisation layers are sandwiched between plastic 
(polyester) layers. 

It is also known to provide piezoelectric film in 
security documents as described in US 4,763,927 or US 
4,792,667, the presence of piezoelectric material being 
detectable by mechanical or pyroelectric testing means. 
In US 4,792,667, pre-poled films of polymeric material 
made from polyvinylidene fluoride (PVDF) or other 
polymeric piezoelectric materials are fixed to documents 
for security. Piezoelectric films with poled regions may 
not provide sufficient security for certain documents 
such as banknotes, 

25 it would be desirable to further enhance the 

security against forgery of security threads. It would 
also be advantageous to provide additional features in a 
security thread that enable easy detection or that 
provide a redundant control in the event the primary 
security feature is defective. It is desirable to provide 
security means that are well adapted for manufacture in 
large quantities, and which are cost-effective to 
manufacture whilst enhancing security against forgery, 
reliability, and ease of detection. 
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It is an object of this invention to provide 
improved security thread with enhanced security against 
forgery and ease of detection. 

Objects of this invention have been achieved by 
providing the security thread according to claim 1. 
Disclosed herein is a security thread comprising a 
magnetic layer sandwiched between protective layers, 
wherein at least one of the protective layers is a 
piezoelectric polymer. Advantageously therefore, a 
particularly compact and cost-effective security thread 
is provided with enhanced security features. The magnetic 
material may be coded as is typical for conventional 
security threads, wherein the piezoelectric polymer layer 
may also have a series of juxtaposed poled and unpoled 
15 regions. The poled and unpoled regions may form a binary 
code such that both the magnetic and the piezoelectric 
layers have coding means; the magnetic layer being 
readable by a magnetic head, and the piezoelectric layer 
readable by a conductor or capacitive receptor after 
20 stimulation of the piezoelectric poled regions by 
mechanical (e.g. ultrasound) or pyroelectric (e.g. 
infrared rays) transmitters. On either side of the 
magnetic layer, there may be provided a metallisation 
layer, one of the metallisation layers thus being 
25 sandwiched between the magnetic layer and the 
piezoelectric layer and forming an electrode for the 
piezoelectric poled regions, in particular forming the 
ground electrode. The metal layer is reflective to light 
thereby concealing the magnetic layer, and forms a base 
for printing characters that can be read when light is 
passed through the metallisation layer. Compound security 
measures can thus be provided in a particularly compact 
security thread, requiring various detection means that 
enhances security against forgery. 
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Further advantageous aspects of the invention are 
set forth in the claims, or will be apparent from the 
following description and drawings. 

Embodiments of this invention will now be described 
by way of example, with reference to the figures in 
which; 

Figure 1 is a cross-sectional view through a 
security thread according to this invention, the thread 
shown partially laminated; 

Figure 2 is a view similar to Figure 1 different 
embodiment according to this invention. 

Figure 3 is a simple schematic view representing 
dipoles in a portion of piezoelectric layer taken in 
cross-section; and 

Figure 4 is a simple schematic view illustrating how 
a piezoelectric layer is polarised. 

Referring to Figure 1, a security thread 2 is shown 
in longitudinal cross-section. The security thread may be 
of substantially similar shape and dimension as a 
conventional security thread embedded in banknotes or 
security documents, for example in the form of a thin 
elongate thread traversing a banknote. The security 
thread 2 comprises a magnetic layer 4 sandwiched between 
polymeric layers 6, 8 either side of the magnetic layer 
25 4. The polymeric layers 6, 8 may be of different 
materials, for example a first layer 6 being of simple 
polyester or other flexible plastic material, and the 
second layer 8 being of a piezoelectric material such as 
polyvinyldene fluoride (PVDF) or other piezo electric 
polymeric material. It is also possible to provide the 
second layer 8 as a simple flexible plastic layer such as 
polyester, coded or printed on one side thereof with a 
piezoelectric material such as polymer (VDF/TrVE) or 
vinylidene/tetrafluoritheylene co-polymer (VDF/TFE) . 
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The flexible polymeric layers 6, 8 are also 
protective layers that support and protect the magnetic 
layer 4 therebetween from mechanical damage. The magnetic 
layer 4 may be coded magnetically along its length 
(direction L) such that each security thread has a 
distinctive magnetic code readable by a detection device 
having a magnetic head. The magnetic layer 4 is shown in 
Figures 1 and 2 as a layer separately laminated between 
the polymeric layers 6, 8, but the magnetic layer may 
also be printed or deposited otherwise on one of the 
polymeric support layers 6, 8, for example the simple 
polymeric (polyester) layer 6. The polymeric layer 6 with 
the deposited magnetic layer 4 would then bonded to the 
other polymeric layer 8 by means of a conventional 
15 adhesive. 

A metallisation layer 10 is provided between the 
magnetic layer 4 and the piezoelectric layer 8. The 
metallisation layer 10 may be deposited on the 
piezoelectric layer 8 by sputtering or other conventional 
2 0 metal deposition methods for deposing metals on 
substrates or the like. The metallisation may also be 
etched in certain places to form characters that are 
readable when light is shone through the security thread. 
The electrode 10 further acts as a ground electrode for 
contacting an inner side 11 of the piezoelectric layer 8 
to ground, the opposing other side 12 of the 
piezoelectric layer 8 being readable by a detection 
device, for example a conductive member biased 
thereagainst. When subject to mechanical deformation, 
30 piezoelectric material produces electrical charges, an 
electrical potential thus being developed between the 
inner and outer layers 11, 12. The electrical charge that 
develops can either be read by an electrical detector 
connected to the ground electrode 10 and the charge 



25 



WO 99/01292 



-5- 



PC17IB98/00999 



15 



electrode layer 12, or by capacitive detection means that 
responds to the electrical field created by the 
electrical charges. Piezoelectric materials such as PVDF 
also have a pyroelectric effect, whereby when subject to 
heat (for example from a light source emitting infrared) 
the heating of the piezoelectric creates an electric 
potential between the opposed layers 11, i2 . Detection of 
the pyroelectric effect may for example be effected by 
the detection device described in International 
10 Application WO 97/07478. 

As shown in Figure 1, the polymeric layer 6 may 
also be provided with a metallisation layer 14 on its 
inner side 15. This metallisation layer may similarly be 
provided with characters. 

in the embodiment of Figure 1, the piezoelectric 
layer 8 is substantially uniformly charged (poled) 
pxezoelectrically along the whole length thereof. As 
illustrated in Figure 2, in a second embodiment the 
Piezoelectric layer 8 is provided with a series of poled 
regions 16 and unpoled regions 18. The poled and unpoled 
regions may have lengths that are multiples of a smallest 
bit length, as depicted in F i gure 2 b y the poled region 
19, such that the piezoelectric layer 8 has a binary code 
extending along its length L. By mechanical excitation 
such as ultrasound, a conductive or capacitive detector 
can pick up the electrically charged areas along the 
length, thereby reading the binary code. 

It is also possible to charge piezoelectric material 
such as PVDF, either negatively or positively such that 
certain of the poled regions are positive and certain of 
the poled regions are negative, m this way, it is also 
possible to provide a tertiary code rather than a binary 
code. The latter is illustrated in Figure 4 which 
schematically illustrates the dipole orientation in a 
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portion of polymeric piezoelectric layer. The horizontal 
dipoles 20 indicate a non-piezoelectric area and the 
vertical dipoles 21, 22 represent respectively negative 
and positively poled areas. 

The coded piezoelectric layer 8 of the embodiment of 
Figure 2 can be made by positioning a ground electrode 24 
against one side of the layer 8 (for example the 
metallised ground layer 10) and positioning charge 
electrodes 26 on the charge side 12 of the layer 8. The 
charge electrodes 2 6 may be provided with a high positive 
or negative voltage depending on whether positive poled 
regions or negative poled regions are desired. The charge 
electrodes 26 may be held together in a single structure, 
with a dieletric (such as a ceramic or air) separating 
the poling regions. The electrodes may be provided on a 
rotating drum, the grounded electrode forming a opposed 
rotating drum with the piezoelectric layer sandwiched 
therebetween such that a continuous lamination of the 
piezoelectric layer 8 with piezoelectric poling can be 
20 effected. 

As illustrated in Figure 2, the first polymeric 
layer 6 may also be a piezoelectric layer, for example 
charged with a binary code that may either differ from 
the binary code of the layer 8 as indicated by the 

25 piezoelectric charged regions 16' and immediate non- 
charged regions 18'. it is also possible to provide the 
first layer 6 with the same binary code as the second 
layer 8 to enhance the reliability in the event one of 
the layers is defective. The second metallisation layer 

30 14 could also act as the ground electrode for the 
piezoelectric layer 6 in a similar manner to the ground 
electrode for the piezoelectric layer 8. 

A particularly compact security thread with enhanced 
security is thus provided. The means of detecting the 
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as the magnetic field of the magnetic layer 4 and the 
electrical field or potential differences of the 
piezoelectric layer or layers 6, 8, significantly 
5 increases difficulty of forgery. 
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CLAIMS 

1. A security thread comprising a magnetic layer 
sandwiched between protective layers, wherein at least 
one of the protective layers comprises a piezoelectric 
polymer . 

2. The security thread of claim 1 wherein the 
piezoelectric polymer layer has poled and unpoled regions 
forming a binary or tertiary code. 

3. The security thread of claim 1 or 2 wherein a pair 
of the protective layers, one either side of the magnetic 
layer, is a piezoelectric polymer. 

4. The security thread of claim 3 wherein each of the 
piezoelectric layers has poled and unpoled regions. 

5. The security thread of any one of the preceding 
2 0 claims wherein the thread further comprises a 

metallisation layer between the piezoelectric polymer 
layer and the magnetic layer. 
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6. The security thread of claim 5 wherein the 
metallisation layer acts as a ground electrode for the 
piezoelectric layer. 



WO 99/01292 




PCT/IB98/00999 



1/1 




INTERNATIONAL SEARCH REPORT 



In' •iootl Application No 

Pwi/IB 96/80782 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G06K7/08 G06K19/10 G07D7/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum Documentation searched (classification system followed by classification symbols) 

IPC 6 G06K G07D 



Documentation searched other than nwnmum doannentation to the extent that such documents are included in tbe fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 166 273 A (GAO 6ES AUTOMATION ORG) 2 
January 1986 

see page 3, line 3 - page 4, line 23 
see page 9, line 4 - page 11, line 4; 
figures 1-4 

US 4 792 667 A (CHEN DANIEL Y-J) 28 

December 1988 

cited in the application 

see the whole document 

WO 94 2G932 A (AUTHENTICATION TECHNOLOGIES 
IN) 15 September 1994 
see claim 1; figures 1-7 



1-4,8, 
19,14-16 



1.14 



1,10,14 



□ 



Further documents arc listed in the continuation of box C. 



0 



Patent family members are listed in annex, 



* Special categories of cited documents : 

*A" document defining the general state of the art which is not 
considered to be of particular relevance 

'E* earlier document but published on or alter the uiternational 
filing date 

X" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

f document published prior to the international filing date but 
later than the priority date 



later document 
or priority date" 
cited to understand the 
invention 




after the international fi fin g da te 
not In conflict with the application but 
underly 



le or theory i 



riving (he 



document of particular relevance; the riffimrtt invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when tbe document is taken alone 
document of particular relevance; the claimed inven&on 
cannot be considered to involve an inventive step when the 
document is comhined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
m the art 

"A* document member of the same patent family 



Date of the actual completion of the international search 


Date of mailing of the international search report 


22 November 1996 


0 9. 12. 96 


Name and mailing address of the ISA 


Authorized officer 


European Patent Office, P.B. 5818 Patentlaan 2 

NL - Z280 HV Rijswijk 

Tel. ( + 31-70) 340-2D4Q, Tx. 31 6SI epo nl. 


Gyseru L 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int ioml Application No 

F-i/IB 96/99782 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



EP-A-9166273 



US-A-4792667 



W0-A-9429932 



92-91-86 



DE-A- 
DE-A- 
JP-B- 
JP-A- 
JP-A- 
US-A- 



3421941 
3584914 
6973998 
61959589 
6236474 
4763927 



12-12-85 
39-91-92 
21-99-94 
27-93-86 
23-98-94 
16-98-88 



29-12-88 



NONE 



15-99-94 



US-A- 
AU-A- 



5394969 
4790993 



97-93-95 
26-99-94 



^p^ENT COOPERATION TRE^f 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agents file reference 
MSI 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/IB98/00999 


International filing date (day/month/year) 
29/06/1998 


Priority date (day/month/year) 
30/06/1997 


International Patent Classification (IPC) or na 
B42D15/00 


tional classification and IPC 


Applicant 

MEASUREMENT SPECIALTIES INC., et al. 



and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



I 




Basis of the report 


tl 


□ 


Priority 


III 


□ 


Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 


IS 


Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 






citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 




Certain defects in the international application 


VIII 


□ 


Certain observations on the international application 



Date of submission of the demand 
29/01/1999 


Date of completion of this report 

H. 12. 99 


Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 
JSi D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 


Authorized officer 
Louka, M 

Telephone No. +49 89 2399 2388 


t JO) 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY pnviR98/00999 
EXAMINATION REPORT International appl.cat.on No. PCT/IB98/00999 



I. Basis of the report 



response 

toe report s/nce they do not contain amendments.): 

Description, pages: 

1 .7 as originally filed 

Claims, No.: 

-I _e as originally f iled 
Drawings, sheets: 

-1/1 as originally f iled 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



3 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



Form PCT/1PEA/409 (Boxes l-VIII. Sheet 1) (January 1994) 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/IB98/00999 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-6 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-6 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-6 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Form PCTYIPEA/409 (Boxes l-VIII, Sheet 2) (January 1994) 




INTERNATIONAL PRELIMINARY International application No. PCT/IB98/00999 

EXAMINATION REPORT - SEPARATE SHEET 



Section V 
Claim 1 

According to page 1, lines 6-14, a security thread comprising a magnetic layer 
sandwiched between two protective plastic layers is known from the prior art. 
The subject-matter of claim 1 differs from the known security thread in that at least one 
of the protective layers comprises a piezoelectric polymer. 

This distinguishing feature solves to problem of enhanced security against forgery and 
ease of detection. 

The at least one piezoelectric polymeric layer permits the detection of the electric field 

or potential differences formed therein and hence increases the difficulty of forgery, 

when only the magnetic field of the magnetic layer is detected. 

None of the available prior art documents discloses or suggests the addition of a 

piezoelectric polymer to the plastic protective layers known from the prior art. 

The subject-matter of claim 1 is therefore fulfilling the requirements of Art. 33 (2), (3) 

PCT. 

Claims 2-6 

The additional features of these claims are only preferred embodiments of the invention 
specified in claim 1 and as such, they also fulfill the requirements of Art. 33 (2), (3) 
PCT. 

Section VII 

The features of the claims have not been provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Independent claim 1 has not been drafted in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would have been appropriate, with those fea- 
tures known in combination from the prior art (see page 1, lines 6-14) being placed in 
the preamble (Rule 6.3(bj(i) PCT)ancl with the remaining features being included in the 
characterising part (Rule 6.3(b)(ii) PCT). 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B42D15/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



Inl .tional Application No 



98/00999 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols* 

IPC 6 B420 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international searcn (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - 



Citation of document, with indication, where appropriate, of the relevant passages 



US 5 566 982 A (LEHUREAU ET AL) 

22 October 1996 

see the whole document 

WO 97 07478 A (THE WHITAKER CORPORATION) 

27 February 1997 

see the whole document 



| j Further documents are listed in the continuation of box C. 



Relevant to claim No. 



Patent family members are listed in annex. 



3 Special categories of cited documents i. 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or prionty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of theinternational search 

24 September 1998 



Name and mailing address of the ISA 

European Patent Office, P.B 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nt, 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 

05/10/1998 



Authorized officer 



Evans, A 



Form PCT/ISA/210 (second sheet) (July 1 992) 



INTERNATIONAL SEARCH REPORT 

Informajj^tn patent family members 



Patent document 
cited in search report 



Publication 
date 



US 5566982 



In 

PC 



Patent family 
member(s) 



£>nal Application No 

98/00999 



22-10-1996 



Publication 
date 



FR 2707781 A 20-01-1995 
EP 0634732 A 18-01-1995 



W0 9707478 



27-02-1997 EP 0845127 A 



03-06-1998 



Form PCT/ISA/210 (patent family annex) (July 1992) 



